Detailed studies of the bactericidal action of soaps have been made by numerous observers. Among them the most recent include those by Tilley and Schaffer, Walker, Eggerth, and Schaffer and Tilley. In general, such action increases with the number of carbon atoms in the fatty acid up to a maximum which depends upon factors such as the hydrogen ion concentration, the nature of the test organism, and the solubility of the soap, but is usually highest in those soaps containing 12 or 14 carbon atoms.
In the present paper are presented data on the bacteriostatic action of a somewhat related class of substances, the sodium alkyl sulfates, some of which (Drene, Duponol, S.L.S., etc.) have come into widespread use as detergents during the past few years. Soaps and alkyl sulfates are alike in that an alkyl chain is common to both and is the active principle, but it will be recalled that whereas soap is a combination of fatty acid and an alkali, the alkyl sulfates are half-esters of sulfuric acid. The In addition, lauryl, as the triethanolamine salt in "Drene," and oleyl, as the sodium salt in "Duponol LS flakes," were examined. The latter is not included in the subsequent discussion since, while highly inhibitive (1/13,000), it contains a double bond.
Of these the ethyl, decyl, and lauryl sodium sulfates were obtained from outside sources. The remainder were prepared from the corresponding normal alcohols, obtained from the Eastman Kodak Company, by the following method. The desired amount of alcohol, usually 5 grams, is placed in a small beaker in an ice-bath, and from 2 to 3 equivalents of chilled concentrated sulfuric acid (sp. gr. 1.84) are slowly added while the mixture is stirred. With the higher alcohols,-solids at this temperature,-a stiff paste results, so that with these it is helpful to grind up all lumps before the addition of the acid. Next, strong sodium hydroxide solution (20 per cent) is cautiously added to the acid mixture, still in the ice-bath, until the reaction is barely alkaline to phenolphthalein. The preparation is then placed in a porcelain evaporating dish and brought almost to dryness on a water-bath. Hot 95 per cent ethyl alcohol is used to extract the sodium alkyl sulfate and the unchanged alcohol from the large amount of sodium sulfate present. The unchanged alcohol may be removed by allowing the alkyl sulfate to crystallize from the hot solution as it cools, or it can be dissolved out of the dried product with ether.
The solubility of these salts decreases with increasing molecular weight and, beginning with myristyl sulfate, becomes very low. In fact, the ceryl and myricyl compounds are insoluble, while the octadecyl salt is so slightly soluble that the bacteriostatic action did not fall within the range of solubility.
In general, all tests were made in broth of the following composition: 10 g. Bacto-peptone, 3 g. Bacto-meat extract, and 5 g. sodium chloride per liter. The pH was adjusted to 7.2 after the addition of the desired amounts of the alkyl sulfates. In the following tests one drop of a 1/100 broth culture dilution was used in inoculating each 10 cc. tube of medium. Incubation was at 370 C. and readings were made at 24 and 48 hours. In Table 1 In the graph the number of carbon atoms in the compounds are plotted against the respective inhibiting molar dilutions. It will be seen that the points for the 8, 9, 10, and 12 sulfates fall on a straight line, those for 4, 5, 6, and 7 at decreasing distances above it, and those for 14 and 16 well below. This increased inhibiting power of the short-chained substances may well be due to osmotic effects, for instance, caused by the high concentrations of material. 1/C is the molar dilution, A and B are constants, and N the number of carbon atoms, be solved for this particular case we find that A = -2.73 and B-= 2. That is, for the straight portion of the curve the slope of the line is given by half the number of carbon atoms. In other words, the inhibiting action of the sodium alkyl sulfates in the region from 8 to 12 carbon atoms obeys Traube's rule that the activity increases strongly and regularly as we ascend the series. The actions of the 4 to 7 compounds also follow the rule fairly well except as noted above. The depression in surface tension caused by fatty acids, for instance, follows Traube's rule until such long-chained compounds as palmitic acid (C = 16) are reached. In the case above, deviation from the rule is noticeable in this same region, for the myristyl and cetyl sulfates are less active than should be the case if the inhibiting power increased regularly.
It may be mentioned that the surface tensions of the inhibiting dilutions of the respective alkyl sulfates contained in extract broth all approximate 37 dynes. An examination of this aspect of the question will be presented in another paper. Conclusions 1. The sodium alkyl sulfates, R-O-SO3Na, exert a pronounced inhibiting effect, by and large, upon all Gram-positive organisms but not upon those which are Gram-negative.
2. For this reason, the lauryl, myristyl, and cetyl salts are suggested for use in selective media.
3. Against the staphylococcus the inhibiting action of these substances obey Traube's rule since it increases with fair regularity in the series as it ascends from 4 to 12 carbon atoms, and quite regularly in the range from 8 to 12 carbon atoms. In the latter range the following relation holds true: that the logarithm of the inhibiting molar dilution is equal to the constant -2.73 plus half the number of carbon atoms.
